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[57] ABSTRACT 
The present invention pertains to a large-sized X-ray 
photography panel. This panel comprises several mod- 
ules placed end to end. Each module comprises a net- 
work of photosensitive detectors with the same number 
of columns as the panels but with a smaller number of 
rows. Each module has its own addressing and reading 
means. The addressing means are located on an edge of 
the insulating substrate that bears the detectors. The 
reading means are located on the other side of the sub- 
strate from the detectors. A screen, which is opaque to 
the radiation to be detected, is mterposed between the 
substrate and these means. These means are liked to the 
column connections coming from the opposite side of 
the substrate by connections along one of the side sur- 
faces of the substrate. 

13 Claims, 8 Drawing Sheets 
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PANEL FOR X-RAY PHOTOGRAPHY AND 
METHOD OF MANUFACTURE 

RELATED APPLICATIONS 5 
This application is related to copending U.S. patent 
application Ser. Nos. 3,890 and 3,891 (Ser. No. 3,891 
corresponds to French patent application No. 
86.00716). 

^ 10 
FIELD OF THE INVENTION 

The present mvcntion pertains to a large-sized X-ray 
photography panel It also pertains to a method for the 
manufacture of panels of this type. 

The detection of X-rays in medical or industrial radi- 
ology often calls for the use of large-sized panels, for 
example, square panels with a side of 40 cm, 

DESCRIPTION OF THE PRIOR ART 

20 

FIG. 1 gives a schematic view of the basic structure 
of a panel of this type. This panel comprises a network 
1 of photo-sensitive detectors d arranged in rows and 
columns and connected to one another by row connec- 
tions L\ to Lpand by column connections C/to €„. For 25 
reasons of clarity, figure 1 shows only one row of detec- 
tors d. Each detector is connected to a row connection 
and a column connection. 

A scintillator screen (not depicted) is interposed be- 
tween the X-radiation to be detected and the network of 30 
detectors. 

Addressing means 2, connected to the row connec- 
tions, are used for the successive addressing of each row 
of photosensitive elements. Means 3, connected to the 
column connections, are used to read the row of photo- 
sensitive elements which has been addressed and give 
the output signal S of the panel 

The photosensitive elements d can exhibit various 
structures. The French patent application No. 86.00716, 
filed on Jan. 20, 1986 in the name of THOMSON-CSF, 
describes networks of photosensitive elements which 
can be used in radiology and which comprise a photodi- 
ode and a capacitor. The advantage of these elements is 
that they do not comprise any switching element. 
Rather, a signal, in the shape of pulses, is used for read- 
ing in order to control the discharge of the capacitor 
associated with the photodiode. This type of structure 
can be used to make large-sized matrices owing to the 
fact that the thin-film deposits, of amorphous silicon for ,0 
example, are now well mastered. We shall have to re- 
turn, later in the description, to this patent application 
referred to above. 

Owing to their large size X-ray photography panels 
raise several problems: 55 

Each column connection is linked to a large number 
of photosensitive elements, about 2,000 for example. 
Now each photosensitive dement introduces a consid- 
erable capacitance at its column connection. Conse- 
quently, the reading time and noise are increased: 60 

The dark currents of all the photosensitive elements 
linked to one and the same column connection are 
summed, especially during the reading of the detectors, 
thus introducing a parasite signal depending on the 
temperature and noise generator; 65 

Finally, the technological manufacturing difficulty 
entailed in obtaining a faultless X-ray panel very 
quickly increases with the area of the panel. 


SUMMARY OF THE INVENTION 

The present invention proposes a solution to these 
various problems. 

The X-ray photography panel of the invention com- 
prises several modules, placed end to end. Each module 
comprising a network of photosensitive detectors with 
the same number of columns as the panel but with a 
smaller number of rows. Each module has its own ad- 
dressing and reading means, the addressing means being 
located on an edge of the isolating substrate which 
carries photosensitive detectors on the photosensitive 
detector side. The addressing and reading means are 
protected from the radiation to be detected by a screen, 
the reading means being located on the other side of the 
substrate from the photosensitive detectors, with a 
screen which is opaque to the radiation to be detected 
being interposed between the substrate and the address- 
ing and reading means. The addressing and reading 
means are linked to the column connections coming 
from the side opposite to the substrate by connections 
following one of the side surfaces of the substrate. 

The present invention also pertains to a method for 
making a special mode of embodiment of the invention 
wherein the column connections are connections depos- 
ited on one side of the insulating substrate on the detec- 
tor side, and wherein they are then connections depos- 
ited on a flexible insulating support which is bonded to 
a side surface of the insulating substrate and connected 
to the reading means. This method comprises the fol- 
lowing steps: 

(1) Bonding a flexible insulating support carrying 
conductors to one of the side surfaces of the insulating 
support; 

(2) Lapping the support so that the ends of the con- 
nections that it carries are in the same plane as the sub- 
strate surface on the detectors side; 

(3) Depositing column connections on the substrate 
surface on the detector side, so that, at the end of the 
substrate, the' connections deposited overlap the con- 
nections borne by the flexible insulating support; 

(4) Joining the connections carried by the insulating 
support to the reading means. 

The invention can be used to resolve the problems 
raised by the X-ray photography panels of the prior art 
as will be explained below. 

Since the number of photosensitive elements linked to 
each connection is smdler in the modules according to 
the invention, the noise is diminished and, possibly, the 
reading time. Since each module constituting the panel 
can be read separately and quickly owing to the fact 
that it has a small number of rows, two modes of read- 
ing can be adopted. In these two modes of reading, it is 
generally chosen to read all the modules simulta- 
neously. A buffer memory collects the output signals of 
these modules so that the complete image can be recon- 
stituted. 

A first mode of reading preserves the same reading 
time for the entire panel of the invention as for a unitary 
panel according to the prior art. A greater time is then 
available to read each row of detectors. This makes it 
possible to use addressing means that work at a lower 
frequency. There is therefore a larger choice of compo- 
nents to implement addressing structures. It is possible, 
for example, to use amorphous silicon components, the 
mobility of which is very low as compared with that of 
crystalline silicon components, but which can be more 
easily made on large surfaces. In the patent application 
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No. 86.00716, the photosensitive detectors are read by FIG. 14 is a perspective view of the insulating sub- 
integrator operational amplifiers, and the column con- strate 5 carrying the column connections linked to the 
nections are multiplexed so that the integrator amplifi- reading means; 

ers work under satisfactory conditions without exces- FIG. 15 is a cross-section view of the insulating sub- 

sively increasing their number. Since more time is avail- 5 strate 5 illustrating the stage in the method by which the 

able to read each row of detectors, it b possible to use connections between the column connections and the 

amplifiers with a lower frequency response, leading to a reading means arc set up. 

reduction in noise. Fmally, the multiplexing, like the DESCRIPTION OF THE PREFERRED 

addressing, can be done at a lower frequency and there EMBODIMENTS 

is a greater choice of components that can do this multi- , , . ^ , ^ , . 

Dlexinz ^ vanous ngures, the same references designate 

la a second mode of teading, the reading time of the same elements but. for reasons of clarity, the dimen- 
entiie panel is reduced. Thus, this mode preserves the s«OMMd proportions of the vanous elements are not 
same reading time for each row of detectors as in the ""^^ 5 . .i. j • .1. • » j ^- . .1. j 
panels of the prior art. Thus, the contribution of the ^^ ^^^^^^^ ^^^"^^ mtroduction to the de- 
dark current is reduced and the number of images ob- ^"^P^^^ ^ .^^ modifications made in the X-ray 
tamed per second is increased. photography panel of the prior art depicted in FIG. 1 

Smce he number of photosensitive elements Imked to pLel according to the invention (Comprises several 

each column comiection is dmmmhed. the parasitic independent modules, bearing the reference 4, which 

signal introduced by the dark cu^ent and the noise „^ ^ach module comprises a net- 

which IS associated with it arc reduced by the same ^f photosensitive elements, arranged in rows and 


columns, with row connections and column connec- 
Finally, the manufactunng efficiency is mcreased tions which connect the detectors to one another as in 
owing to the small area of the modules to be made. 25 the prior art. The number of columns of detectors and 
The invention has the foUowing advantages. It is connection columns Q to C« is not modified. However, 
easier to test stnall-sized modules than a single large- the number of rows of detectors and row connections is 
sized panel. The modules are interchangable and it is reduced. Each module 4 has m rows of detectors and m 
possible to assemble them in any number according to connections of rows with m being less than p. 
requirements. The noise introduced by the means for 30 FIG. 3 is a cross-section view of FIG. 2 which shows 
addressing the row connections is also reduced because that the detectors d, one row of which is depicted, are 
these addressing means address only a small number of set on an insulating substrate 5, made of glass for exam- 
row connections. pie. 
w^T^T^T^ T^^ci^n r^,,- * ^ rx^T^ c E^ct ffiodule II^ its own addressing means 2 linked 
BRIEF DESCRIPTION OF THE DRAWINGS 35 -.^ „w comiections. It can be seen m nOS. 2 and 3 
O ther objects, characteristics and results of the inven- that the addressing means are located on the upper 
tion wiU emerge from he following description which is surface of the substrate 5, on the detectors side and on 
given as a non-exhaustive example and illustrated by the edge of the substrate. The addressing means are 
appended figures, of which: located on an edge of the substrate for the detectors are 
FIG. 1 and FIG. 2 are a schematic depiction of a addressed line by Hne. In FIGS. 2 and 3, it has been 
X-ray photography panel according to the prior art and chosen to arrange the addressing means, on each mod- 
according to the invention respectively; ^it right angles to the network of detectors. A 
FIG. 3 is a cross-section view of a module of the screen which is opaque to the radiation to be detected, 
panel of FIG. 2; which is not depicted, protects the addressing 

FIG. 4 is a schemetic depiction of an X-ray photogra- means, 

phy panel described in the French patent application , ^^h modjUe also has its own reading means 3. It can 

No 86 00716* ^ ^ "^^^ means 3 are borne on the 

fig! 5 is a diagram of a detail of a photosensitive ^fj^^j^^ ^'^^.^J,^' J;«:^^y ^^^'^^ °" 

element of tiie panel of FIG. 4, and of tiie associated substrate S which does not carry the detec- 

readins means- screen 6, which is opaque to the radiation to be 

HGS. <iato 6Aaresignalsthatexplain the woridngof interposed between the insulating substrate 

*tto Tsm A ^Ja « ^uJL»*i,.^ ^^u^a:^^ * 5 and the readmg means. Connections Imk the column 

the panel of FIG. 4 and a first altematve embodiment ^*„«^f;««« c«.^«^^ u 

of tiie reading method of this panel; connections located on tiic upper surface of the sub- 

CTr* c J I J o J I Strate to the readmg means 3. These connections are not 

FIGS, la and and 8a and are cross-scction views 55 ^ piQg, 2 and 3. These connections fol- 

along a columned a row of two modes of embodmient ^^^^^^^ ^ 

^^^E « o ,n . ,n«. ^ • c minimize the interval "i" which must be made between 

FIGS, 9a to 9h and FIGS. 10a to lOh are drawings of two neighboring modules. GeneraUy, an mterval which 

signals explammg the functiomng of tiie panel of FIG. sn^aller Oian or equal to the pitch of the detector rows 

4, with a second and third altemaUvc embodiment of 50 is tolerated. 

themethod for reading this panel; ^ panel' for X-ray photography according to the 

FIG. 11 is an exploded perspective view showing the invention therefore comprises a number of outputs 

embodiment, in integrated form, of a module according equal to the number of modules which constitute it. 

to the invention; These outputs can be linked to a parallel/series multi- 

FIG. 12 is a cross-section view of a panel comprising 63 plexer. 

modules such as the module of FIG. 11; The radiation to be detected generally comprises 

FIG, 13 is a special mode of embodiment of a module X-rays. The rays may also be neutron rays. For all types 

according to the invention; of radiation used in radiology, a scintillator is used: it is 
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placed m front of the network of detectors and trans- applied to their control inputs, their outputs of the same 

forms this radiation rnto visible radiation to which these level being synchronized and giving signals hi h?. . . . . 

detectors are sensitive. The scintillator does not com- h„/if. Tlie output voltages of the integrating ampUfiers 

pletely absorb the radiation to be detected. This is why are Vsi . . . V^a/. » 6 h 

a screen opaque to this radiation is interposed between 3 FIG. 5 is the detailed equivalent diagram of a photo- 

the substrate and the reading means. Similarly, the ad- sensitive element with a diode D and a capacitor C 

dressmg means are protected by a screen which is with the various addressing controls and the corre- 

opaque to radiation. spending output amplifier. When this photosensitive 

by their constituUon, the detectors are less sensitive element is selected by the vertical register RV of FIG 

to the radiation to be detected than the addressing and 10 1, the correspondmg switch j is shut by the control v 

readmg means. Every attempt will be made to set up and the potential Vp is applied to the diode D The 

networks of detectors comprising only diodes and ca- capacitance Cd of the diode has been depicted in paral- 

pacitors, and not switchmgK)vcr elements such as tran- lei on this diode D. The common point of the diode D 

sistors which are more sensitive to X-rays. and the capacitance C has been designated by A, the 

In the foDowmg part of the descnption, we shall 15 other end ofthe capacitance C being linked to the neea- 

return to a part of the content of the French patent tive (-) input of the integrator operational ampUfier G 

apphcation No. 86.00716, refcmng to HGS. 4 to 10 by means of the switching MOS transistor i controlled 

which are dmved from this patent application. We shall by the output h of a column-selecting horizontal shift 

then show the modifications made by the invention, register. The capacitance of the columns connection C. 

which is the object of the present patent application, to 20 has been depicted between this very same terminal of C 

tne devices described m the French patent application and the earth. 

pi^^l^' , . • , . , , . , . ""^^ graphs of FIGS. 6a to 6h depict the various 

In FIG. 4, which depicts a general view of a photo- signak applied or obtained during the reading of a oho- 
sensitive matrix, a number np of photosensitive ele- tosensitivc element. 

ments, each comprising a photodiodc D in series with a 25 The French patent ^pUcation No. 86.00716 is not 
capacitor C, are arr^ged according to the rows and limited to radiology, and the foUowing description of 
columns of a matrix of p rows and n columns, the diodes FIGS. 6a to 9a to 9h and 10a to 10/r must be adapted 
of one and the same row are hnked to one another by a to radiology where the panel is not read when it is 
row connection while the capacitors C of one and the exposed to radiation and where the level-resetting oper- 
same columnare hnked to one another by a column 30 ation is done for the entire panel at the same time before 
connecUon. The row connections are linked to an ad- e:q>osure. 

dressing voltage Vp by means of switching MOS tran- If the readmg operations of the i^A row are considered, 
sistors. J 1. j2 . . . jp controlled by the outputs vu vj . . . vp aU the diodes of this row have been polarized in reverse 
of a shift register known as a vertical shift register RV. by the previous reading of this same row, one duration 
• ,^5P^**iJ^ controUed by a vertical shift control 35 T/ previously, this duration being at least the duration 
signal Cpv. Thus, when a row is selected for reading, all needed for reading all the other rows. The common 
the diodes of this row arc carried to the high level Vp/ points A between the diode D and the capacitance C of 
of the addrwsmg potential Vp. In the same way, the the photosensitive elements of this hne are then polar- 
capacitors of one and the same column are Imked to the ized positively and are left in a floating state throughout 
mputs of the operational amphfiers mounted as integra- 40 the duration T/, this duration being also advantageously 
tors, by means of switchmg MOS transistors iiii . . . , i« used to integrate the Ught data to be recorded by this 
controlled by the outputs of the horizontal shift regis- row. The photocurrcnt, proper to each diode, reduces 
w w , . . ^ ^ * . ^® potential of each point A, in varying degrees. 

Multiplexing is effected for the columns of the matrix through the discharge of each capacitive couple formed 
so as not to use one mtegrator amplifier per column: 43 by the capacitance C and the capacitance of the diode 
several successive columns are linked to the input of C/j, as can be seen m the FIG. 6/depicting the voltage 
one and the same mtegrator operational amplifier. The at the terminals of a diode, where the unbroken lines 
readmg means therefore comprise M amplifiers, M and the broken lines respectively depict examples 
being a divider of n, and M horizontal shift registers, where there is no useful light signal and where there is 
each amphfier «id the associated horizontal shift regis- 50 a useful hght signal €/> is assumed to be small with 
ter bemg used for the readmg of n/M columns. Thus, respect to C, i.e. Co is smaller than or equal to C/10 
ttie first nA! columns are linked to the outputs of a The row-reading operations can be broken down into 
horizontal shift register RH| with n/M stages, the con- two successive sequences: 

nections of the corresponding columns being linked to FirsUy, the sequential reading of the information 
the negative (-) mput of an operational amplifier Gi 55 stored at the points A of the different groups of n>^ 
mounted as an integrator; its output is linked to its nega- photosensitive elements, the M groups of colmnns being 
tlve(-)mpu bymeansofareadm^^ read simultaneously by means of M horizontal shift 

(+) mput of this mtegrator is hnked to a column refer- registers and M integrator amplifiers- 
ence potentia^ point ^co- In a second phase, the simultaneoils restoring of the 

rnl^f^c ?vI'Tt'' "^^^^^^^J^",?^^ P^?^^, ^ initialpotentialV^oofthe points A of the entire row, by 

CO umns, the last amphfier Gat hnkmg the last nAl a levd-resetting operation, either by means of a nega 
columns. The integration cajmcitors C^are zeroized by tive polarizing pulse applied to this row foUowcd by a 

F^I^v^.hiV.i* iiT'''"^^^^ -S'r^^ ' °' °f * *=^brated uniform i' 

Fmally, the columns can all be uutiaUzed together at the lamination appUed selectively to the row of photodctcc- 

fJi^T^^^T''^^^^^^ f^^^ by means of an intense Hght toh fot 

sistors, 1 1,1 2 . . . i"n controUed by level reset pulses lowed by a blank reading 

d^.u; '^^ ,hon^ontal shift registers are controlled These two operations are performed by means of the 

simultaneously by a horizontal shift control signal Cdh shunting of the addressing voltage Vp to the i'* row by 
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the vertical shift register RV which controls the closing delivers an output voltage of V51 in the presence of the 

of the switch j/ corresponding to this row: the voltage ligjit signal at the colTimn 2 which corresponds to the 

applied to the row \p is zero throughout the duration useful charge Q5 and to Qo. The output voltage V51 

Ti and b equal to the high level of Vp, V/>/ dunng the corresponds to 
period of reading pulses Tr, as is shown by the FIG. 6b, 5 

The flnt sequence is a succession of n/M reading pulses, Qs-^ (k 
synchronous with the zeroizing pulses Vraz which 
short-circuit the reading capacitors Ct and the address- 
ing pulses Vco.h applied to ^le positive inputs of the M This voltage is available directly after the voltage Vp 
amplifiers ^ depict^lm 10 ^ ^^.^ ^ ^^en be taken by a sampling 
V/MZ, the FIGS, drf and ifedepictmgth^^ device before the return to zero by V/w2. The signals 
Vcah, and Vco.h2 corr^pondmg to theaddressmg of y ^ y ^^^^ ^f^^^^t 
the first two columns of each group. These column- levels 

addressing pulses Vc^h result from the logical combi- ^ hj.Vco returns to the top level the diode D is 

nation of the pukes h that control the sw, ches 1 and he 15 ^^^^^ j^^zed in reverse than initially, owing 

pdscs applied to the referaice potential pomt of the Qo+Qsfor the potential of 

columns Vco- The pulses h frame the pulses Vco m poimtA is written* ^^^^^ puwuuai ui 

such a way that, at the end of the reading period Tl, the ^ 
column voltage is really brought back to the high level 

of Vco before the level-reset operation. The column- 20 ^ 

addressing and zeroizing pulses overflow on either side c+ Co 
of the reading pulses Vjn the pulses Vp move to the 

upper level Vp\ after the pulses Vco have moved to the When all the other columns are being read, the diode 

low level. The reading pulses are therefore transmitted stays polarized in reverse without being affected by the 

only to the columns selected by the horizontal shift 25 variations in potential of V/>. 

registers, the other columns remaining charged at the At the end of n/M pulses of Vi>, the reading sequence 

upper level of Vco* of the columns is completed for the row i. The level- 

FIG. 6/ describes the development of the potential resetting stage of all the floating points A of the diodes 

Vy4 — Vi>at the tcrminab of the diodes of the columns 2, of this row is then done. The purpose of this level-reset- 

n/M-l-2, 2n/M-f-2, etc. During the addressing of the 30 ting operation is to restore a potential of Vao to the 

previous columns ln/M+1, 2n/M-fl ...» since the diodes such that the Vp pulses cannot polarize them 

other columns remain at the upper level, the pulse at directly during a reading even for maximum illumina- 

Vp should have an amplitude Vp\ which is insufficient tion, and, at the same time, such that the sum of the 

to polarize their diodes directly, in the absence of useful amplitudes of Vp and Vco polarize them strongly in 

radiation, V^O^O, and also in the presence of radiation 35 direct mode, even m the absence of the signal. This 

V^s^O. This is what appears in the FIG. 6/ which double condition can be used to select the reading of 

depicts, in addition to the voltage V^—Vp as a function each diode by the coincidence of the row control 

of time, the characteristic of the diode: I/} current in the pulses, by Vp, and the column control pulses by Vco 

diode: current Ii> as a function of V^—Vp voltage at its according to the above description, 

terminals. As indicated above, the solid line represents 40 To obtain the required potential V^o it is necessary, 

the potential in the absence of illumination, the broken ftrst of all, to discharge the couple of capacitors C and 

line represents the potential of a diode that has inte- C^which have been re-charged by the previous reading 

grated a light datum during the integration period operation to a voltage of greater than Vao where the 

T{,Va represents the amplitude of the signal stored in diode can no longer be read suitably. Several methods 

thecapacitorC, the charges Q5being equal to the prod- 45 are possible to carry out this discharging operation; 

uct of amplitude V4 and the value of the capacitor C either the use of reverse conduction of the diode be- 

i.e. CxV^. yond a certain threshold or an intense or uniform illumi- 

The amplitude of the voltage variation at the termi- nation depending on the applications considered, 
nals of the diode during the passage of Vp to the top In using the diode reverse conduction threshold, the 
level Vi»i is dose to the amplitude variation of V/». The 50 level-setting operation illustrated by the diagrams of 
reading of the following M columns 2, n/M-f2 ... is signals of FIGS. 6a and the following figures consists in 
done by the coincidence of a pulse Vp with the corre- applying a negative pube with an amplitude of V^i by 
sponding addressing voltage represented by the logic Vp which polarizes the diode beyond its reverse con- 
product Vca^i at these columns. In this case, the am- duction threshold. This diode is discharged up to the 
plitude of the voltage variation at the terminals of the 55 reverse step-knee voltage Vc/, which is independent of 
diode should be sufficient to polarize the diode largely the initial voltage. During this operation, as well as 
in direct mode, even in the absence of a useful light during the following one, all the columns are polarized 
signal, at the level Vaso—^pu course in the presence of at the top level of Vco by means of the MOS switching 
the signal V^^-Vpi. If this condition ig achieved, the transistors i"i . . , i"„ controlled for the level-resetting 
voltage at the terminals of the diode evolves during the 60 operation by VjuN- This polarizing operation beyond 
readingtimeT£,up to a value Vc which is independent the reverse conducting threshold is followed by a 
of the initial polarizing voltage and is therefore indcpen- •'blank" reading sequence at the end of which the final 
dent of the signal. This voltage is the step-knee voltage potential Vao can be adjusted by means of a reading 
of the diode D. In this case, the signal charge is inte- pulse with a determined amplitude of Vpo, Thus, the 
grally transmitted to the capacitor Cl of the corre- 65 polarizing charge Qo is adjusted independently of the 
sponding integrator amplifier, regardless of its ampli- value of the reverse step-knee voltage of the diode 
tude. It is added to a charge Qo which is the charge read which may vary appreciably from one element to an- 
in the absence of the signal. The integrator Gi, Cu then other, so that Vc-H Vi»o-HVco=V^o. At the end of this 
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sequence, the floating potential of aU the diodes of the The operating frequency of the horizontal shift regis- 

1 bne 18 restored to begin a new integration of the light ters can also be reduced by the factor M owing to the 

multiplexing; 

A matrix of photosensitive elements such as the one The photosensitive element, which forms a capaci^ 
described above and depicted schematically in FIG. 4. 5 tor/diode association, has a very simple structure which 

can be made by foUowing the procedure described is resistant to X-radiation, a fact that constitutes a major 

below with reference to FIGS, la and lb for a first advantage for a sensor designed for imaging by X-radia- 

altemative or with reference to FIGS. and U for a tion, used with a scintillator. 

second alternative. FIGS, la and 8a depict a cross-sec- Smce the operating frequency of the horizontal shift 
tion ofthe matrix along a column, and FIGS. 76 and 86 ^0 registers is reduced, the regbters can be made with 

depict a cross-section of the matrix along a row, for the transistors of reduced mobility, as is the case for a pho- 

two alternatives of the method respectively. tosensitive matrix using an amorphous silicon type of 

According to the first alternative, this matrix is made material This material is then used for the entire struc- 

from amorphous silicon in the following way: a plate of ^ure, thus considerably simplifying problems of connec- 
glass 5 forming the substrate is lined in a first stage with 

a semi-transparent conductive layer 20, for example a ^een indicated above that the level-resetting 
layer of molybdenum tantalum or ITO (a mixture of operation, which is indispensable if the reading is to be 
indium oxide and tin oxide), this layer being subse- repeated, can be done by uniformly illuminating the 
quently etched to form the column conductors. A layer diodes so as to discharge them, this illumination having 
of dielectric material 30 is then formed, for example ^ intensity and a duration which are predetermined, 
with tantalum oxide Ta205 with a high dielectric con- ^? explam the alternative method of reading 
stant at a thickness of 0.2 ftm, obtained by the anodic which uses this level-reset operation are depicted in the 
oxidation of the previous layer if this previous layer is ^GS. 9j-.9A in an example of an application where the 
made of tantalum, to form the capacitors. Then the level-reset operation is done all at once for the entire 
layers of amorphous silicon, which are to form the PIN "^trix- The letter references of the FIG. 9a~9h and its 
DIODES D. are deposited on tiiis layer with a thick- following figures are identical to those used for the 
ness of about 0.8 jxm to 3 /xm: for example, a layer of p -|- signals in the FIG. 6 and its following figures. The 
doped silicon. 40, a layer of intrinsic silicon i, 50, and a structure of the pulses Vi»is modified as depicted in the 
layer of n-f doped siUcon. dO. The etching of these ^Jf^® negative pulse needed at dis- 
superimposed layers then insulates the superimposed ^ electrical level-reset operation is elimi- 
diodes from the dielectrical layer forming the capad- ^«=P^^ caUbrated illumination de- 
tors, which are in contact with the lower conductor An . ^ "^^^^ discharges aU the diodes of the 
insulating shielding layer 70. made of silicon nitride or % predetermined time, after the reading of aU 
siHcon oxide for example, is then deposited; finally „ ^f/^^s of the preceding image. It is this discharge 
contacts are opened in the surface layer of insulating ^^f" ^^V""^^^^ ^'^^ '^^^^8 
material 70 to make the row conductors. For this a layer ? „^ an amphtude of Vk, is also eliminated. The 
of semi-transparent metal 80. ITO for example, is denos- ^""J!^^^ ^^^'^^ ^^'^ perform successive readings of 
itcd; this layer is then etched to form the row conduc- v i? u "1 coincidence with the pulses 
tore. ^ottouc VcQ» which arc controlled by the horizontal registers. 

A scintillating screen 90 is deposited on the unit tiie ^ ^ just been read must be suffidentiy 

Ximagebeingprojectedonthissurfacedfthematriclf L'L^!? "^/^^^^f ^o that it is no longer affected by 

tiie re-levelling is done by illumination, as will be ex- ?^°|^^!' pulses of the sequence. For it to be impossible 

plained below, the level-resetting optical flashes are ^p! v '"Z!^. v 

projected on the glass plate sideTthe scintillator being 45 tl^/,^^ "^'t**^ 5°' ^^^^ ^^^S of the 

opaque to die visible radiation fpUowmg hnes. it is important to choose the polariza- 

According to the second alternative, illustrated bv ****^.*^ee back^ound Qo as being greater than tiie 

the FIGS. and U where the s^f I^e^ ^^SS ^TZsT"^^^^^^ Qs{max)so that the potential of 

la and lb carry the same references, the diodes kre f ?i, • (V^-V^)Ti is always 
madebeforet^capadtors.thecLS 50 T^^^y^'^^^^'^l'''^^^ 

from the insulating layer 70. thus prevS le own- ^.fl^"' the discharge leads to the potential of floating 

ing of contacts in tiiis Uyer ;nd pre^n^^L^^^^ ti^ru^eS '1^.^^^^^ ^""^ ^.'""^^^ 

t^^C %^:!!fd jJ^°^''^ "^^ ^^"^ ^ be attained by means of an 

«soaated reading method has several advantages for a 65 caBe of an appUcation where the levd^eset oimronL 

^iwuiuuonis aesirea. calibrated illummation, Olustrated by FIG IDA di<i- 

Thereadmg noise can be reduced; . charges the capacitor C far more^^ 
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sary to return to the starting voltage WaO' Then a blank of the connections 8 may comprise a metallization borne 
reading is done by means of an additional reading pulse by the side siirface of ^e substrate. The other part of 
depicted in FIG. 106, with a calibrated level VpOt these connections, which joins the reading means, may 
smaller than Vpu similar to that introduced after a comprise welded flexible connections, 
highly reversed polarization as in FIG. 66. Thus the S It has been noted in the description of FIGS. 4 to 10 
voltage at the point A of the diodes of the row to be that for radiology, it is necessary to illuminate all the 
read is brought to the necessary starting voltage V^o, panel detectors to perform a level-reset operation be- 
without the illumination being calibrated. Then a blank fore any new registration of useful data, 
reading is made by means of an additional reading pulse This illumination cannot be done on the scintillator 
depicted in FIG. 106, with the calibrated level VpOj 10 side which is generally opaque, 
smaller than V/>i, similar to that inuoduced after a The invention proposes a structure suited to this need 
highly reversed polarization as in FIG. 66. Thus, the to illuminate the panel. 

voltage at the point A of the row diodes to be read is FIG. 13 depicts a cross-section view of a module 4. 
brought to the necessary starting voltage V^o, without This figure depicts, in a more detailed way than in fig- 
the illumination being calibrated. A polarization charge 15 ure 12, the shapes of the scintillator 90, row connections 
Qo=C(V^i— Ppo) is then introduced. Owing to the 80, and detectors d, 

fact that a bknk reading is done to bring the voltage to The only difference between the module of FIG. 13 
Vao, the useful information can be integrated only after and those of FIG. 12 lies in the presence of a light- 
the sequence to reset the level of the entire panel. generating panel 9 which is interposed between the 

In X-ray picture photography, there is only one expo- 20 lower surface of the substrate 5 and the screen 6 which 
sure and only one reading of the matrix. The level-reset carries the reading means 3. This light-generating panel 
operation is done for the entire matrix, prior to an expo- 9 may comprise a network of light-emitting diodes. The 
sure as indicated above. The reading can then be done insulating substrate 5 must then be transparent. A glass 
row by row by means of an electronic addressing opera- substrate is perfectly suitable. With respect to the coi- 
tion. 23 umn connections 30, in the manufacturing methods 
According to the present invention, the X-ray pho- illustrated by FIGS, la and 6, and So and 6, it is said that 
tography panel, described in the French patent applica* these connections can be made up of semi-transparent 
tion No. 86.00716, and illustrated in its structure, its conductive material for example, molybdenum, tanta- 
working and its embodiment by the FIGS. 4 to 10, limi or ITO (a mixture of indium oxide and tin oxide), 
comprises several modules 4 set end to end as explained 30 Thus, insofar as the column connections 30 are semi- 
with reference to the FIGS. 2 and 3. transparent, they can be used to illuminate the detectors 

FIG. 11 depicts an exploded view of one of these by means of the panel 9. 
modules 4. FIGS. 11, 12 and 13 have been described in the con- 

It is clear that the manufacturing methods explained text of the X-ray photography panel which was the 
with reference to FIGS, la and 6 and 8a and 6 can be 35 object of the French patent application No. 86.00716; It 
used to make these modules. The reference signs used m is clear that X-ray photography panels, difTerent by 
figures la and 6 and 8a and b will be purposely used in their detectors, their addressing and/or reading means, 
FIG, 11. may be equally well made as in the FIGS. 2, 3, 11. 12 

The module 4 of FIG. 11 comprises the following and 13 by modules made on either side of an insulating 
elements from top to bottom: 40 substrate. 

A scintillator screen 90; In the description of FIGS. 2 and 3, it is explained 

Row connections 80; that the connections linking these column connections 

Detectors d which may, without distinction, com- Q to Cn to reading means 3, located on the side opposite 
prise a diode and then a capacitor as in the line la, or a to the msulating substrate 5, followed one of the side 
capacitor and then a diode as in FIG, %a; 45 surfaces of the substrate 1 so as to minimize the interval 

Column connections 30; i which must be made between two neighboring mod- 

An insulating substrate made of glass 5. ules. This interval should be less than 200 micrometers 

As explained with reference to FIGS. 2 and 3. each in an example of an embodiment. It is necessary that this 
module 4 has its own addressing means 2 located on the passage for the coimections from one side of the sub- 
upper surface of the insulating support 5, on the detec- 50 strate to the opposite side should be compatible with the 
tors side. Welded connection wires 7 join the row con- end-to-end joining of the modules to one another. The 
nections 80 to the addressing means 2 which may com- technology used should be compatible with the other 
prise, as in the example of FIG, 4. a shift register and stages of manufacture of the modules, for example, the 
MOS transistors. depositing of amorphous silicon, the etching, etc. Fi- 

FIG. 12 is a cross-section view of a panel according 55 nally, this technology should be dependable enough to 
to the invention comprising niodules 4 such as the one make the very many connections between the column 
depicted in FIG. 11. connections and the reading means, for example, about 

As was explained in the description of FIGS. 2 and 3, 2000 connections for a paneL 
each module has its own reading means 3, which may A great number of technologies can be used to make 
comprise, as in the example of FIG. 4, a shift register, an 60 these connections. In the description of FIG. 12, it was 
operational amplifier mounted as an integrator and pointed out that these connections could, for example, 
MOS transistors. The reading means 3 are carried on comprise a metaUization carried on the side surface of 
the lower side of the substrate 5, firom which they are the substrate and then by welded, flexible connections 
separated by a lead screen 6. Connections 8, which linked to the reading means. 

follow one of the side surfaces of the substrate 5, link 65 Another object of the present invention is a method 
the column connections 30 to the reading means 3. . for the manufacture of colunm connections and their 
FIG, 12 depicts that part of these connections 8 10 connections with the reading means which will be de- 
which follows a side surface of the substrate 5. This part scribed with reference to FIGS. 14 and 15, 
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HQ 14 depicts the insulating substrate 5 which will Then, a short extension (a few millimeters) is made, 

be used as a support for the modules. along the side surface of the substrate 5 on which the 

A flexible msulating support 11, bearing the conduc- flexible insulating support 11 is bonded. This extension 

tors 8, is bonded to one of the side surfaces of this insu- of the side surface of the substrate 5 can be made, for 
lating substrate 5. The insulating material used may be 5 example, by means of epoxy resin which can be used to 

polyimide (for example, Kapton, bearing flexible cop- bond the flexible insulating support 11 to the substrate, 

per conductors). The flexible insulating support 11 is lapped so that the 

This insulating support 11 b lapped so that the ends of ends of the conductors 8 are located in the same plane as 

the conductors 8 arc located in the same plane as the top the upper surface of the msulating substrate 5 intended 
surface of the insulating substrate 5, intended to carry 10 to carry the detectors. 

the detectors. The lapping can be done by polishing for To make the column connections, a metallic layer is 

example. deposited on the upper surface of the substrate 5 by 

Then, on the upper side of the substrate 5, the column evaporation in a vacuum, for example, 

connections C/to Cn are deposited in such a way that, at Then photosensitive resin is deposited by the dipping 

the end of the substrate, these connections C/to Cn and withdrawal of the substrate 5. FIG. 15 shows the 10 

overlap the connections 8 borne by the flexible insulat- ^?y®^ of photosensitive resin 12 thus obtained, in broken 

ing support 11. lines. This layer has an excess thickness 13 at the end of 

The column connections C/ to Cn can be made, for ^® substrate, 
example, as follows. A metallic deposit is made on the * photo-etching is done by using a mask indexed 
upper surface of the substrate 5 by evaporation in a conductors borne by the flexible insulting sup- 
vacuum for example. The metallic deposit is lined with ^ previously. 

.photosensitive resin and then a photo^tching is made effect of the excess thickness of the photo- 

by using a mask indexed on the conductors carried by sensitive resin is removed by lapping a part of the side 

the flexible insulating support 11 so that, at the end of surface of the substrate which has been previously 

the substrate, the column connections overlap the con- ^^ded. 

ductors borne by the flexible insulating support so as to possible, for example, to lap this side surface up 

provide an electrical contact ^^}^^ dot-dash vertical line as indicated in FIG. 15. By 

After this, the various stages needed to make the ^^^^5 ^« contact zones between the horizontal and 

module ai« performed; these include, for example, the l^^^^ connections from the edge (during manufac- 

stages described with respect to the FIGS. 7a and b, and «dge effects, which may harm the dependabil- 

8a and b. During these stages, the temperature should °^ contacts during subsequent manufacturing 

not exceed about 250* C, in the example where a poly- n^-S eUmmated. The connections carried by this 

imide flexible insulating support is used. The flexible ^exible msulating support are connected to the reading 
conductors 8 carried by the flexible insulating support „ ^T^^ weldmg either before or after the grinding of 

11 are comiected to tiie reading means by micfo-wS \ ^ ^^^^^^ I' 

During the appUcation of the method which has been S^fi^ ^"^^ photography panels, regardless of the 

described, a problem is encountered due to the gener- tT ""' ^^^u ^!f?' ,^^.^d^^^tors do 

ally rectangular shape of the insulating substrate 5 de- ."f^^?^ '^"'P?' ^ Photo<hode Imked in series 

signed to constitute a module gene^y compriskig ^ ^tt ^ T."^'"^ T^^' V° 

more columns than rows of a X-rTy photography panel :„ !Sf;l^^^^ an X-ray photography pand is known 

according to the invention. TOs problemlr^es when LTn^f.T P^^°^;"^l^^« element comprises a pho- 

depositing the photosensitive res£, used iTZcT^e r "U^T ^''^ ' 

coimections of L column Q to Q by photo-etcLg! Soo^ir^S ^ "^^^ '''''' 

on the upper surface of the substrate 5. ^^luui anaagca mooes. 

When there is a square-shaped substrate, there is no ' "fw v ° ^^^J^/PP^'f '^S'^f'^'' 

difficulty in placing it on an iMtrument wWdiMus^^te ^''Y photography panels may comprise. 

rotationl^Tlie^ubs^L" SS^^fandS ;:;?rSm^' H "f. " ^ ^'^^^^ 

sensitive resin is deposited on its up^r Surface Td ^ t^^^"^ v*^ Jt^^^^T ^°T^°"' "^^"'^ '° 

spreads in a film of a constant thickn«V^ ,„ ^^3^ T P''°*°8raphy panels compnsmg a 

s^edt^riLtSrn^t^SeLlSbt " " ^J.'^raiJ^^V '"^^/^-^t^^ 

TK* tu- A j**"*-"** ^uiuiuiy. detectors addressed. The mvcntion such as it is illus- 

dr^^^Sesufstatt^ " ^""^ '«*«=dbytheFIGS.2.3.U,12a„dl3canbeappliedto 

^^H^L^!,!^ ^i^l- ... ^ . 55 all these panels and the method of manufactuJe illus- 

The disadvanfcige of tins type of deposjtmg is that it trated by the FIGS. 14 and 15 can also be applied to dl 

causes an excessive thickness of the resin at the edge of these pMels. "ppiieo lo au 

the substrate, This excess thickness alters the resolution What Is claimed is' 

during photo-etching, Le. the insolation time has to be l. An x-ray photography panel comprising photosen- 

^eateratthepenpheryofthesubstratethanatitscen- <o sitive detecto.^ bo^ by L insJatto™^bstr«eT^. 

T 1 .., . . ranged in rows and columns, linked to one another bv 

n,.T^ P^^, " ^ P'°P5fi »° """lify ~w comiections and columi comiections, 

.h.^„K!f,o?^ s ^ 15 which u. a cross^uon of with means linked to the row connections being used 
r .connection Qto C„. 65 for the successive addressing of each row of photosensi- 
namely Q, on its upper side, an msulatmg flenble sup- tivc detectors and means connected to the column con- 
port U, carrying the conductors 8, is stiU bonded to one nections providing for the reading of the row of photo- 
of the side surfaces of the substrate 5. sensitive detectors addressed, slid panel comprising 
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several modules, placed end to end, each module com- 6. A panel according to claim 5 wherein each module 

prising a network of photosensitive detectors with the is supported on an insulating substrate, one of the sur- 

same number of columns as the panel but with a smaller faces of which comprises the superimpositipn of column 

number of rows, each module having its own address- connections, photosensitive detectors, row connections, 

ing and reading means, the addressing means of each 5 the scintillator and the module addressing means being 

module located on an edge of the insulating substrate on arranged on an edge of the substrate and the other side 

the detectors side, and being protected from the radia* of the substrate comprising the supcrimposition of a 

tion to be detected by a screen, the reading means being screen for protection from the radiation to be detected 

located on the other side of the insulating substrate from and said module reading means, 

the photosensitive detectors, with a screen which is |o . ^' ^ p^el according to claim 5 wherein the insulat- 

opaque to the radiation to be detected being interposed substrate is transparent to visible radiation an 

between the insulating substrate and the reading means, wherein a luminous panel, which transmits visible radia- 

the reading means linked to the column connections *^on upon command, lines that surface of the insulating 

coming from the side opposite to the insulating sub- substrate which carries a screen opaque to the radiation 

strate by connections following one of the side surfaces , - to be detected and the module reading means, 

of the insulating substrate. ^ P^«^ according to claun 7 wherem the lummous 

2. A panel according to claim 1, wherein each module 7'^''^ transmits a visible radiation upon a corn- 
is made on a substrate, one of the surfaces of which mand is a pmel of hght eimttmg diodes, 

comprises the supcrimposition of column connections, J' ^ ^^^^^ for manufacturmg a panel for x-ray 

photosensitive detectors, row connectors, the scintilla- _ photography, which panel comprises photosensitive 

tor and the addressing means being arranged on an edge detectors support^J by an msulatmg substrate and ar- 

of the substrate and the other side of the substrate com- ranged m rows and columns, said photoseiisiUve detec- 

prising the supcrimposition of a screen for protection ^^^^ ^j»^«^^y row connections and col- 

from the radiation to be detected and the reading means. comiections. and receiving radiation to be detected 

3. A panel according to claim 1, wherein the7ubstrate ^""^^ ^ scmtJIator, with addressing means hnked 
is transparent to visible radiation and wherein a lumi- 25 to the row connectons for addressmg of each row of 
nous panel, which transmits visible radiation upon a Photosensitive detectors and readmg means connected 
command, lines that surface of the substrate which t<> t^f <:olumn connections provided for reading a row 
carries a screen opaque to the radiation to be detected addressed photosensitive detectors, the pauel com- 
«r,^ fWi. ^^i^Ai^r, pHsmg several modules placed end to end, each module 
and the reaamg means. . . ^ 1 u * J * * -xi. 

4. A panel Wording to claim 3, wherein the lumi- 30 ««"P™ing a network of photosei^tive detectors with 
nous paSel which tranimits a visible radiation upon a " w'Sf colunms the panel but wrth a 

comnLd, fa a panel of light-emitting diodes. „T5 

e A» , .... -i.^»~«..-i.T. „™ u»«„.» mg a module addressmg means for each module, said 

J' ^ photography panel compnang photpsen- ^ comprising a module reading means for 
smve detectors supported by an .mu^atmg sub^ate. whe^to^d method for ^plemTnting 
saKiphotosensiUvedetec^orsarrangedmrowsandcol- 35 said colmnn Comiections and comiections to^aid mod*- 
umns linked to one another by row connections and r,n.^^^a^^ ^f. 
column connections said panel receiving radiation to be / A^f *^/?Pps^^ ^'*^P^ ^ . 
J IZ^Tj u e pouci i^ci viujs ^ (1) bondmg, a flexible msulatmg support bearmg con- 
detected by means of a scmtiUator, with addressmg «f ♦it*ci^*«,?fe™«f ;«c«iofir,™ 
means linked to the row connections for successive ?Xs^Se 

addressing of each row of photosensitive detectors and 40 (2) lapping said flexible insulating support so that 

meam connected to the column connections providmg ends of connections borne by the support are lo- 

for tiie reading of an addressed row of photosensitive ^^^^^ ^ 3 tl^^/^^j^^ 

detectors, said panelcompnsmg several modules placed insulating substrate supporting said photosensitive 

end to end, each module compnsmg a network of pho- detectors ri- © r 

tosensitive detectors witii the same number of columns 45 (3) depositing column connections on the detector 

as the panel but with a smaUer number of rows, said side of said insulating substrate so that at an end of 

addressmg means compnsmg a module addressing the substrate, deposited connections overlap the 

means for each module and s^d readmg means compns- conductors borne by said flexible insulating sup- 

ing a module readmg means for each module, the mod- -q^ or 

ulcaddressingmeansofcachmodd^^^ (4) welding those conductors borne by said flexible 

of the msulatmg substrate on tiie detector side, said insulating support to the module reading means, 

module addressmg means protected from the radiation jq. A method according to claim 9 wherein said lap- 

to be detected by a screen, die module readmg means pi^g step is implemented by polishing, 

bemg located on the other side of the insulating sub- n. a method according to claim 9 wherein during 

strate from the photosensitive detectors, witii a screen said step (3) said column connections are deposited by 

which IS opaque to the radiation to be detected being evaporation in a vacuum foUowed by depositing a pho- 

mtcrposed between the insulatmg substrate and the tosensitive resin and followed by a step of photo etching 

module readmg means, the module readmg means said photosensitive resin. 

linked to tiie column connections coming from die side 12. a method accortUng to claim 11 wherein said 
opposite to the insulating substrate by connections fol- photosensitive resin is deposited by dipping said insulat- 
lowing one of tiic side surfaces of tiie insulating sub- W ^ substrate and tiien withdrawing said insulating sub- 
strate, strate. 
wherein said column connections comprise connec- 13. A method according to claim 12 wherein after 
tions deposited on one surface of the insulating said step (I), side surfaces of the insulating substrate are 
substrate on the detector side, and further comprise extended a small distance and following said step (3) the 
coimections deposited on a flexible, insulating sup- 65 substrate is thereafter lapped so as to appreciably elimi- 
port which is bonded to a side surface of the insu- nate that part by which said substrate had been ex- 
lating substrate, said further connections being tended. 

welded to said reading means. .«*♦»♦ 
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